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Microorganisms are believed to exist on the surface of Earth since 3.5-4 billion of years ago. Human knowledge of 
their existence however, only occurred after the invention of microscopes, in 1670. Since that time, several discoveries 
contributed to build the germ theory that proposed that replicating seeds or germs were responsible for the origin of 
life, instead of the previous spontaneous generation theory, which was prevalent since the Middle age.  The 
conservation of food was a major concern at that time in Europe, where crude winters prevented chase and agriculture 
activities. Redi, in 1665, studied the development of flies in meets that were exposed to air for drying. Flies were 
absent however if meets were protected and covered with a tulle, indicating that their development depended on the 
direct contact and deposit of a larva in the meet. Furthermore, Spallanzani, in 1750, described that boiling prevented 
the development of microorganisms (animalcules) in infusions, starting, in that way, to derogate the theory of 
preformasionism that defended that organisms develop from miniature versions of themselves and not form 
replication. Appert, in 1795 observed that long-term conservation of food was possible, in boiled cans that did not 
contain air. Nevertheless, the final downfall of preformasionism or spontaneous generation theories occurred after 
Pasteur discoveries, which explained that it was the presence of oxygen, and not merely of air, that strongly influenced 
the growing of microorganisms in broths. Pasteur admired Spallanzani and commissioned a full-length portrait of him, 
which hung in the dining room of his apartment, at the present Musée Pasteur in Paris. 
 
The knowledge of preservation and control of microorganism growth in food changed the geopolitics and history of 
humanity. It allowed the owners of this technology, to send armies to conquer territories far away from their own.  
However, epidemics of pathogenic microorganisms still devastated both, the human populations living in high density 
and very poor conditions in their countries and the armies far away from home. Mumps, diphtheria and malaria were 
described by Hypocrites in 400. Pandemics of influenza are known since the XIV century. In the middle age, the 
disease was named Influenza because it was thought to be related to the influence of planetary conjunctions 1. 
Tuberculosis, on the other hand, is supposed to be first acquired in Africa about 5,000 years ago 2. For many centuries, 
smallpox devastated humanity 3. Its origin as a natural disease is lost in prehistory. It is believed to have appeared 
around10,000 BC, at the time of the first agricultural settlements in northeastern Africa. 
 
Pasteur not only worked on the study of fermentation pathways and the development of sterilization methods for the 
control of microorganisms but also aimed to prevent the development of diseases in humans by developing vaccines 
(chicken cholera, rabies) 4. In 1881, he described the basic paradigm for vaccine development, which included the 
isolation, inactivation and injection of the causative microorganism. These basic principles have guided vaccine 
development ever since and during the twentieth century. 
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The anti-variola vaccine, on the other hand, started however in 1,100s as variolation, a technique that involved the 
inoculation of children and adults with dried scab material recovered from smallpox patients. Variations of variolation 
have been described in Turkey, China, Africa and Europe. Jenner, in 1796, described the use of the heterologous 
cowpox virus, to obtain, in an eight year´s old child, protection to smallpox. Jenner also succeeded in turning to 
obligatory worldwide the anti-Variola vaccination. This practice led to the global eradication of the disease in 1966 4. 
 
Vaccines and antibiotics are therefore, two tools that determined a remarkable revolution of Public Health in XX 
century.  Vaccination is the most effective method of preventing infectious diseases, and widespread immunity due to 
vaccination is largely responsible for the worldwide eradication of smallpox and the restriction of diseases such 
as polio, measles, and tetanus from much of the world. The World Health Organization reports licensed vaccines are 
currently available to prevent, or contribute to the prevention and control of 25 vaccine-preventable infections. 
 
In USA, for instance, where population had access to vaccines and antibiotics, during the first 8 decades of the XX 
century, the infectious disease mortality rate declined substantially. A total of 797 deaths per 100,000 was recorded 
in 1900 and only 36 per 100,000 in 1980, consistent with the concept of epidemiological transition from an age of 
pestilence and famine to an age of degenerative diseases 5. Pneumonia, Influenza and Tuberculosis were responsible 
for the largest number of infectious diseases deaths throughout the century. However, the emergence of AIDS and 
tuberculosis demonstrated that gain against infectious diseases were not definitive. In high-income countries, 70% of 
deaths are among people aged 70 years and older. People predominantly die of chronic diseases. Lower respiratory 
infections remain the only leading infectious cause of death. Only 1% of deaths is among children under 15 years 6. 
  
On the other hand, the global burden of tuberculosis remains enormous in Southeast Asia, Sub-Saharan Africa and 
Eastern Europe, mainly because of the poor control and high rates of M. tuberculosis and HIV co-infection in some 
African countries. The global case fatality is 23% but exceeded 50% in some African countries with high HIV rates 7. 
Every year there are 350–500 million cases of malaria, with 1 million fatalities: Africa accounts for 90 percent of 
malarial deaths and African children account for over 80 percent of malaria victims worldwide.8 In low-income 
countries, nearly 40% of deaths are among children under 15 years and only 20% among people aged 70 years and 
older. People predominantly die of infectious diseases: lower respiratory infections, HIV/AIDS, diarrheal diseases, 
malaria and tuberculosis collectively account for almost one third of all deaths in these countries 6. 
 
It has been estimated that vaccination with 7 of the 12 routinely recommended childhood vaccines prevents an 
estimated 33 000 deaths and 14 million cases of disease in every birth cohort, saves $10 billion in direct costs in each 
birth cohort, and saves society an additional $33 billion in costs that include disability and lost productivity 9. 
 
While all these evidences strongly stimulated the development of the vaccine industries and of new vaccines, several 
important problems impeded us from defeating infectious diseases. Among them, we can consider:  
 
Vaccine R&D funded at 10% of which goes to research in therapies 10. 
 
The increased standards of safety regulations applied to vaccines that promoted the evolution from first 
generation inactivated total germ vaccines to recombinant or synthetic vaccines, which are less 
immunogenic and demand a more sophisticated industrial technology. 
 
The lack of vaccines based on universal antigens that will exert homologous and heterologous 
protection and hence, cross-protection to the prevalent variables of all continents.   
 
The lack of vaccines based on conserved antigens that do not show mutagenic variation each new 
season, and that therefore would not demand annual revaccination. 
 
The increased difficulties in licensing new vaccines. Extensive numbers of Phase II-IIb and Phase III 
trials are now required before licensing a vaccine. Although these assays disclose very valuable 
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information about vaccine-efficacy, their high cost, extended time and laboriously, discourage the 
vaccine companies, which are mostly located in the developed countries. 
  
For the above-explained reasons and because of the recent global economic crisis, vaccine companies of USA and 
Europe consider interrupting the fabrication of preventive vaccines and showing more interest in the development of 
therapeutic vaccines or drugs, which are more profitable. This is also in agreement with the fact that in developed 
countries, infectious diseases are no longer the major cause of mortality. 
 
Public Health vaccination programs in USA rely however on vaccines obtained only by private companies 11. The 
number of firms producing vaccines for the U.S. market has decreased. In addition, several companies stopped their 
vaccine production. The exit of firms from the vaccine market also has implications for the development of new 
vaccines. To the extent that firms find supplying vaccines to be unprofitable currently, they are also unlikely to be 
interested in incurring R&D costs to develop new vaccines. The public sector is a major purchaser of vaccines as 
well as a regulator of vaccine supply. 
   
Two overarching reasons for market failure in vaccines and vaccine research exist.  Patents can help, but they result 
in prices that are prohibitive for millions of people with low incomes who need critical vaccines.  Second, unlike most 
goods, many others are benefited by the consumption of vaccines by one person since the spread of disease is reduced.  
Because of both reasons, there are several financial disincentives for companies to supply existing vaccines and for 
vaccine R&D.  Although governments may place a high value on having a vaccine, once the vaccine has been 
developed, governments have an incentive to use their market power to drive prices down to the marginal cost of 
manufacturing the product.  In addition, compared to many pharmaceutical products, the vaccine market is quite small. 
Finally, vaccines are more likely to interfere with the spread of the disease than are drug treatments and sellers have 
less information to use in extracting consumer surplus for vaccines than for certain drug treatments. Consequently, 
vaccines may tend to be less profitable than drug treatments 11.  Because of the considerations above, researchers of 
Universities in USA also start to concentrate their efforts on the research of immunotherapeutic rather than 
prophylactic vaccines, which will not have the chance to be scaled-up to industrial production. 
  
In developing countries such as Brazil, Argentina and others, Public Health programs of vaccinations rely on 
the partial or complete production of vaccines by non-profitable Public Institutions. In Brazil, the Constitution includes 
the right to health care, which has led the government to formulate a goal of universal vaccination free of charge, a 
cost-effective measure against many important infectious diseases 12. Universal vaccination is a fundamental role of 
the federal, state, and municipal Brazilian governments through the current unified public health care system. 
Although in some cases, the government buys vaccines from foreigner companies, a national immunization program 
and a plan to achieve self-sufficiency in vaccine production through local institutions (Biomanguinhos and Instituto 
Butantan) exist. Furthermore, the Serum Institute of India manufactures vaccines at prices affordable to the common 
man and in abundance, with the result that the country was made self-sufficient for Tetanus Anti-toxin and Anti-snake 
Venom serum, followed by DTP (Diphtheria, Tetanus and Pertussis) group of Vaccines and then later on MMR 
(Measles, Mumps and Rubella) group of vaccines. The Philanthropic philosophy of the Serum Institute of India also 
has been proliferated to bring down the prices of newer vaccines such as Hepatitis-B vaccine, Combination vaccine 
etc., so that not only Indian's, but also the entire under-privileged children of the world are protected from birth 
onwards. In this way, India is not only self-sufficient for vaccines but exports vaccines to 140 countries. In Argentina, 
the national program of immunizations includes eight vaccines. The Instituto Biológico de La Plata and by the 
Administración Nacional de Laboratorios e Institutos de la Salud (ANLIS-Malbrán) produce two of them and the 
other 6 are imported by the government. 
 
In these developing countries, the success of control of infectious diseases by vaccinations depends not only on the 
free distribution of vaccine by the government institutions but also in the obligatory condition of vaccination.  In other 
to achieve a high coverage for an obligatory vaccine, the government should distribute the vaccines to the human or 
animal populations gratuitously. The fact that vaccination is obligatory and required in children for school entry 
diminishes the negative effect, observed mainly in developed countries, of a minority of people who seek to persuade 
other not to be vaccinated or not to allow their children to be vaccinated.  
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The non-obligatory condition of anti-rabies canine vaccination in Europe, where some countries are free of rabies, 
and the lack of control for anti-rabies vaccination for animals being exported to other European countries allowed the 
recent detection of canine rabies, a totally preventable disease, in Britain caused by infected dogs being exported from 
Bulgaria.  
 
Our approach is supported by Christopher Dye, from WHO 13, who states that, given a newly developed vaccine 
against an infectious disease that affects children and adults, mass immunization would be the best way to gain 
maximum, immediate benefit for whole populations 13. For TB, for instance, mass immunization with a new vaccine 
would hold great appeal, especially if it could be given both to uninfected people and to those carrying latent infections. 
Vaccination to stop progression from latent infection to active disease would be an alternative to mass preventive drug 
therapy, which cannot yet be carried out at national scale. As a tool to neutralize the reservoir of latent mycobacterial 
infection in ageing human populations, mass vaccination would give real hope of achieving widespread TB 
elimination 13. 
 
Judged in terms of the relationship of benefit to cost, vaccines are among the most socially valuable public 
health investments. The future success in the worldwide control of infectious diseases by preventive vaccination 
however, might depend on the strengthening of the model adopted by developing countries, which involves the 
obligatory, gratuitous governmental distribution of vaccines produced by Public Heath non-profit institutions. 
 
 
 
The Editor of this Procedia hopes that by publishing these comments and papers the subject area of vaccines 
and vaccination will be progressed, vaccines will be used at higher coverages and that those who present posters at 
future Vaccine and ISV annual congresses will prepare new manuscripts, with their results and thoughts,  to send to 
this online publication. 
 
 
References 
 
1. Couceiro JNSS, Albuquerque MCM. Vírus da Infuenza. In: Santos NSO, Romanos MTV, Wigg MD, editors. 
Introdução á virologia humana. Rio de Janeiro: Guanabara Koogan; 2008. Pp.247-59. 
2. Daniel TM. The history of Tuberculosis. Respiratory Medicine, 2006; 11:1862-70.  
3. Riedel S. Edward Jenner and the history of smallpox and vaccination. Proc (Bayl Univ Med Cent)  2005; 
18:21-5. 
4. Vaccine timelines. Historic Dates and Events Related to Vaccines and Immunization. . 
http:/www.immunize.org/timeline/ 
5. Armstrong GL, Conn LA, Pinner RW. Trends in infectious disease mortality in the United States during the 
20th century. JAMA 1999; 281:61-6. 
6. The top ten causes of death. World Health Organization. 
http://www.who.int/mediacentre/factsheets/fs310/en/index2.html. Accessed on 26th January, 2014. 
7. Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC Consensus statement. Global burden of tuberculosis: 
estimated incidence, prevalence, and mortality by country. WHO Global Surveillance and Monitoring 
Project. JAMA. 1999; 282: 677-86. 
8. Hempelmann E, Krafts K. 
Bad air, amulets and mosquitoes: 2,000 years of changing perspectives on malaria. Malar J. 2013; 12: 232.  
9. Zhou F, Santoli J, Messonnier ML, Yusuf HR, Shefer A, Chu SY, Rodewald L, Harpaz R. Economic 
evaluation of the 7-vaccine routine childhood immunization schedule in the United States, 2001.  Arch 
Pediatr Adolesc Med. 2005;159: 1136-44. 
10. Spier R. Editorial: Meet the Challenges. Proc Vaccinol 2014; 8: 1-4.  
5 Clarisa B. Palatnik-de-Sousa /  Procedia in Vaccinology  9 ( 2015 )  1 – 5 
11. Sloan F Eesley CE. Implementing a Public Subsidy for Vaccines. Duke University. 
www.ibrarian.net/.../Implementing_a_Public_Subsidy_for_Vaccines.pdf.[DOC] vaccine-=paper.doc- 
Stanford University. 
12. Ho PL, Miyaji EN, Oliveira ML, Dias Wde O, Kubrusly FS, Tanizaki MM, Martins EA, Raw I. Economical 
value of vaccines for the developing countries--the case of Instituto Butantan, a public institution in Brazil. 
PLoS Negl Trop Dis 2011; 5:e1300. 29. 
13. Dye C. After 2015: infectious diseases in a new era of health and development. Philos Trans R Soc Lond B 
Biol Sci. 2014 May 12;369(1645):20130426. doi: 10.1098/rstb.2013.0426. Print 2014. Review. 
 
 
 
 
 
 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the 8th Vaccine Conference Organizing Committee. 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Selection and peer-review under responsibility of the 8th Vaccine Conference Organizing Committee.
